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Phosphorus Homeostasis in Dairy Cows with Abomasal
Displacement or Abomasal Volvulus

Walter Grünberg, Peter Constable, Ulf Schröder, Rudolf Staufenbiel, Dawn Morin, and Marina Rohn

Abnormal phosphorus homeostasis occurs in dairy cows with an abomasal displacement or volvulus. The goal of this study was
to identify potential mechanisms for hypophosphatemia and hyperphosphatemia in cows with a left displaced abomasum (LDA),
right displaced abomasum (RDA), or abomasal volvulus (AV). Accordingly, the results of preoperative clinicopathologic analyses
for 1,368 dairy cows with an LDA (n 5 1,189), RDA, or AV (n 5 179) (data set 1) and for 44 cows with an AV (data set 2)
were retrieved. Laboratory values were compared by Student’s t-tests, and correlation and regression analyses were performed.
Thirty-four percent of the animals from data set 1 (463/1,368) were hypophosphatemic (serum phosphorus concentration ([Pi])
,1.4 mmol/L), and 9% (122/1,368) were hyperphosphatemic ([Pi] .2.3 mmol/L). Serum [Pi] was significantly lower (P , .05)
in cows with an LDA (1.60 6 0.53 mmol/L; mean 6 SD) than in cows with an RDA or AV (1.85 6 0.68 mmol/L). For cows
with an LDA, [Pi] was correlated with serum urea nitrogen concentration ([SUN]) (r 5 0.34) and serum concentration of magnesium
([Mg]) (r 5 0.20). For cows with an RDA or AV, linear correlations existed between [Pi] and [SUN] (r 5 0.45), [Mg] (r 5 0.43),
and serum chloride concentration ([Cl]) (r 5 20.27). Stepwise logistic regression analysis indicated that low [SUN] and the
diagnosis of an LDA had the strongest associations with hypophosphatemia. In cows with hyperphosphatemia, [Pi] was most
strongly associated with azotemia. In cows with an AV, the strongest correlations with [Pi] were found for [SUN] and serum
creatinine. We conclude that hypophosphatemia in cows with an LDA is primarily due to decreased feed intake. In contrast,
hyperphosphatemia in cattle with an RDA or AV appears to result from dehydration and decreased renal blood flow.
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Phosphorus nutrition and homeostasis in dairy cattle has
received increased attention during the past decade.

Excessive dietary phosphorus intake leads to high fecal
phosphorus concentration and surface runoff. This has
raised environmental concerns and resulted in incentives to
lower dietary phosphorus intake.1–4 However, if phosphorus
intake is limited, cows in early lactation might experience
hypophosphatemia as the result of a sudden and increasing
loss of phosphorus in milk.1 Conditions such as Downer
cow syndrome, postparturient hemoglobinuria, unthrifti-
ness, inappetence, reduced milk production, and decreased
fertility have been associated with hypophosphatemia.1–5

Conditions that affect feed intake, milk production, or hy-
dration status in early lactation could also alter phosphorus
homeostasis.

Abnormal serum phosphorus concentration ([Pi]) has
been reported in dairy cows with a left displaced abomasum
(LDA), right displaced abomasum (RDA), or abomasal vol-
vulus (AV), conditions frequently occurring in early lacta-
tion.6–9 The mechanisms for these alterations in serum [Pi]
are uncertain. The objective of our study was to determine
the association between serum [Pi] and other clinicopath-
ologic parameters in lactating dairy cows with a displaced
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abomasum (DA) or AV in order to identify potential mech-
anisms for the development of hypophosphatemia and hy-
perphosphatemia.

Materials and Methods

The medical records of 1,368 dairy cows that presented for surgical
correction of a DA or AV at the clinic for ruminants and swine of the
Free University Berlin (data set 1) and of 44 dairy cows with an AV
that underwent surgery at The Ohio State University Veterinary Teach-
ing Hospital (data set 2) were retrieved, and data were extracted for
analysis. Inclusion criteria were intraoperative confirmation of the di-
agnosis of a DA or AV according to established guidelines10 and avail-
ability of results of a presurgical serum biochemistry panel.

For animals in data set 1, the following serum biochemical param-
eters were routinely assayed: phosphorus ([Pi]), magnesium ([Mg]),
sodium ([Na]), calcium ([Ca]), potassium ([K]), chloride ([Cl]), total
bilirubin ([TBil]), aspartate amino transferase (AST), and serum urea
nitrogen ([SUN]). Hemoglobin concentration ([Hb]) and PCV were
determined on blood collected into EDTA-containing tubes. The [Mg],
[TBil], [SUN], and [Pi] as well as AST activity were determined on
a Hitachi 704 chemistry analyzer.a The [Na], [Cl], and [K] were mea-
sured with ion selective electrodes,b and total [Ca] was assayed with
a flame atomic absorption spectrophotometer.c PCV and [Hb] were
obtained on an automatic cell counter.d

Serum samples from cows in data set 2 were analyzed for [Mg],
[Na], [Ca], [K], [Pi], [TBil], total protein ([TP]), albumin, creatinine
kinase (CK), [SUN], and [creatinine] with a Hitachi 704 autoanalyzer,e

and the anion gap was calculated.11 In addition, heparinized blood
samples collected anaerobically were assayed immediately for pH,
base excess, and PCO2.f Values were corrected for rectal temperature.
Heparinized blood containing 8% perchloric acid was assayed spec-
trophotometrically for pyruvate ([Pyr]). Blood collected in a chilled
Na-fluoride tube containing 8% perchloric acid was analyzed for L-
lactate ([Lact]) by a spectrophotometric method as well.12 Dehydration
was subjectively estimated by means of the degree of eyeball recession
and skin tent duration.13

Statistical Analysis

Hypophosphatemia was defined as serum [Pi] ,1.4 mmol/L, and
hyperphosphatemia was defined as serum [Pi] .2.3 mmol/L; the ref-
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Table 1. Clinicopathologic variables that were signifi-
cantly (P , .05) correlated with serum [Pi] in 1,189 lac-
tating dairy cows with LDA and 179 lactating dairy cows
with RDA/AV (data set 1).

Variable

LDA

r Probability

RDA/AV

r Probability

[SUN]
[Mg]
[Cl]
Hb
PCV

0.34
0.20

20.19
0.14
0.12

,.0001
,.0001
,.0001
,.0001
,.0001

0.45
0.43

20.27
0.16
0.16

,.0001
,.0001

.0004

.033

.035
LogAST
LogTBil
AST
[Ca]

20.12
20.11

,.0001
,.0001

0.15
0.15

.047

.046

[Pi], serum phosphorus concentration; [SUN], serum urea nitrogen
concentration; [Mg], serum magnesium concentration; [Cl], serum
chloride concentration; Hb, hemoglobin concentration; AST, aspartate
amino transferase activity; TBil, total bilirubin; [Ca], calcium concen-
tration; LDA, left displaced abomasum; RDA, right displaced aboma-
sum; AV, abomasal volvulus.

Fig 1. Relationship between serum phosphorus concentration and se-
rum magnesium concentration in cows with a displaced abomasum or
abomasal volvulus (AV). Open circles represent animals with a left
displaced abomasum (LDA) (n 5 1,189, data set 1), filled circles rep-
resent animals with a right displaced abomasum (RDA) or AV (n 5
179, data set 1), and filled triangles represent animals with an AV (n
5 44, data set 2). Dashed lines indicate lower and upper limits of the
reference range.

Fig 2. Relationship between serum phosphorus concentration and se-
rum urea nitrogen concentration in cows with a displaced abomasum
or abomasal volvulus (AV). Open circles represent animals with a left
displaced abomasum (LDA) (n 5 1,189, data set 1), filled circles rep-
resent animals with a right displaced abomasum (RDA) or AV (n 5
179, data set 1), and filled triangles represent animals with an AV (n
5 44, data set 2). Dashed lines indicate lower and upper limits of the
reference range.

erence range of 1.4–2.3 mmol/L was determined on the basis of cur-
rent recommendations in the literature.14

Data are expressed as mean 6 standard deviation. Clinicopathologic
values for cows in different groups were compared by performing
Student’s t-tests and analysis of variance on raw, ranked, or log-trans-
formed data. Effects of measured parameters on serum [Pi] were tested
by multivariable linear and logistic regression analyses. Pearson cor-
relation coefficients were calculated on raw or log-transformed values.
The significance level was set at 5% (P , .05). The calculations were
performed by SAS statistical software.g

Results

Data Set 1

Of the 1,368 animals, 1,189 presented with an LDA, and
179 presented with an RDA or AV.

Cows with an LDA had a mean [Pi] of 1.60 6 0.53
mmol/L, which was lower (P , .0001) than for cows in
the RDA/AV group (1.85 6 0.68 mmol/L). Fifty-seven per-
cent of cows with an LDA (n 5 678) had normal serum
[Pi] versus 52% (n 5 93) of cows with an RDA or AV.
Thirty-five percent (n 5 416) of cows with an LDA were
hypophosphatemic compared with 20% (n 5 36) of cows
with an RDA or AV. Hyperphosphatemia was diagnosed in
8% (n 5 95) of cows with an LDA versus 28% (n 5 50)
of cows with an RDA or AV.

To assess a possible age-related influence on phosphorus
homeostasis, animals with an exact age available were
grouped. Cows up to 27 months of age were allocated to
the heifer group, and cows that were at least 4 years of age
formed a 2nd group. In the heifer group, serum [Pi] was
1.57 6 0.49 mmol/L (n 5 103), which did not differ from
the mean value for the group of older cows (1.60 6 0.58
mmol/L, n 5 895). When grouping cows with exact calving
dates available according to stage of lactation (group 1:
cows from parturition to 10 days in milk [DIM]; group 2:
cows between 11 and 30 DIM; and group 3: cows .30
DIM) group 1 showed a higher serum [Pi] (1.83 6 0.60

mmol/L, n 5 176) when compared with groups 2 (1.55 6
0.54, n 5 206) and 3 (1.63 6 0.50, n 5 136).

In all cows, the strongest positive correlations with serum
[Pi] were found for serum [Mg] (Table 1; Fig 1) and [SUN]
(Fig 2), which were much stronger in the RDA/AV group
than in the LDA group. In both groups, a negative corre-
lation of serum [Pi] with serum [Cl] (Fig 3) and a positive
correlation of serum [Pi] with PCV and [Hb] were found.
Whereas a negative correlation was identified between se-
rum [Pi] and serum [TBil], as well as serum [Pi] and AST
activity, in cows with an LDA, a positive correlation be-
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Fig 3. Relationship between serum phosphorus concentration and se-
rum chloride concentration in cows with a displaced abomasum or
abomasal volvulus (AV). Open circles represent animals with a left
displaced abomasum (LDA) (n 5 1,189, data set 1), filled circles rep-
resent animals with a right displaced abomasum (RDA) or AV (n 5
179, data set 1), and filled triangles represent animals with an AV (n
5 44, data set 2). Dashed lines indicate lower and upper limits of the
reference range.

Table 3. Clinical and clinicopathologic variables that
were significantly (P , .05) correlated with serum [Pi] in
44 lactating dairy cows with abomasal volvulus (data set
2).

Variable

Abomasal Volvulus

r P

[Crea]
[SUN]
Anion gap
[Pyr]
Dehydration

0.74
0.72
0.71
0.65
0.63

,.0001
,.0001
,.0001
,.0001
,.0001

[Cl]
[Lact]
[TP]
pH
PCO2

20.61
0.52
0.51

20.42
0.30

,.0001
.0003
.0004
.0049
.049

[Pi], serum phosphorus concentration; [Crea], creatinine concentra-
tion; [SUN], serum urea nitrogen concentration; [Pyr], pyruvate con-
centration; [Cl], serum chloride concentration; [Lact], L-lactate con-
centration; [TP], total protein concentration.

Table 2. Results of backward stepwise logistic regression analysis for hypophosphatemia and hyperphosphatemia on all
measured clinicopathologic variables and clinical examination findings (data set 1). The odds ratio, 95% confidence interval
for the odds ratio, and P values are given.

Variable

Hypophosphatemia

Odds
Ratio

95%
Confidence

Interval P

Hyperphosphatemia

Odds
Ratio

95%
Confidence

Interval P

Low [SUN] (,5 mg/dL)
Diagnosis: LDA
High AST (.130 U)

2.0
1.9
1.5

1.6–2.7
1.3–2.8
1.1–2.0

,.0001
.0021
.0036

High [SUN] (222 mg/dL)
Low [Cl] (,95 mmol/L)

9.0
1.7

3.3–24.6
1.1–2.6

,.0001
.0091

[SUN], serum urea nitrogen concentration; LDA, left displaced abomasum; [AST], aspartate amino transferase activity; [Cl], serum chloride
concentration.

tween AST activity and serum [Pi] was found in cows with
an RDA or AV.

The results of a backward logistic regression analyses for
hypophosphatemic and hyperphosphatemic cows are pre-
sented in Table 2 (a forward logistic regression analyses
produced the same result). The strongest associations with
hypophosphatemia were a low [SUN] (,5 mg/dL), a di-
agnosis of LDA, and a high AST activity (.130 U/L). Hy-
perphosphatemia showed the strongest associations with
azotemia ([SUN] .22 mg/dL) and hypochloremia ([Cl]
,95 mmol/L).

Data Set 2

Cows with an AV in data set 2 had a mean serum [Pi]
of 1.97 6 0.86 mmol/L. The parameters that are correlated
with serum [Pi] are summarized in Table 3. In cows in data
set 2, the strongest positive correlations with serum [Pi]
were found for serum [SUN], [creatinine], [Lact], [Pyr],

[TP], anion gap, blood pH, and estimated percent dehydra-
tion. A negative correlation was found between serum [Pi]
and [Cl]. Neither CK activity nor AST activity was corre-
lated with serum [Pi] in this data set.

The results of forward and backward stepwise linear re-
gression analysis for serum [Pi] (dependent variable) and
all measured parameters (independent variables) indicated
that serum [Pi] was associated with [SUN] (0.086 6 0.014;
estimate of coefficient 6 standard error; P , .0001) and
[TP] (0.728 6 0.235; P 5 .0035).

Discussion

We believe that this is the first study to deal specifically
with phosphorus homeostasis in dairy cows with a DA or
AV. An abnormal serum [Pi] was present in .40% of the
lactating dairy cows with an LDA, RDA, or AV. Whereas
hypophosphatemia was the most common abnormality of
phosphorus homeostasis in cows with an LDA, cows with
an RDA or AV had a higher mean serum [Pi] and were
more frequently hyperphosphatemic.

The presence of an LDA increased the likelihood of hy-
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pophosphatemia 1.9 times when compared to cattle without
an LDA (Table 2), with age not influencing the likelihood
of hypophosphatemia. A decrease in serum [Pi] with age
has been previously reported in dairy cows15,16; however,
serum [Pi] decreases in the early postparturient period due
to the increased activity of the parathyroid hormone and the
sudden loss of phosphorus into the milk.17 Because the ma-
jority of cows in data set 1 were in early lactation, a pos-
sible effect of age on serum [Pi] may have been masked
by the transient deregulation of phosphorus homeostasis in
the postparturient period.

Cows that presented for surgical correction of a DA in
the first 10 days after parturition had higher serum [Pi]
values than did cows that presented at a later stage of lac-
tation. It can be hypothesized that cows experiencing a DA
shortly after calving have had substantially lower milk yield
in the first days of lactation and a smaller loss of phospho-
rus into the milk compared with cows that developed DA
later in lactation. Nonetheless, we believe that the timing
of diagnosis and the duration of decreased feed intake are
major factors influencing serum [Pi]. Cows that present at
a later stage of DA are more likely to have been off feed
for a longer time and therefore have a decreased serum
[Pi].18,19

Serum [Pi] was most strongly associated with serum
[Mg] and [SUN] on the basis of Pearson correlation coef-
ficients. Like serum [Pi], serum [Mg] and [SUN] depend
on a balance between feed intake and renal excretion.20,21

The kidney is a more important route of excretion for urea
nitrogen and magnesium than for phosphorus, because sa-
liva is the major route of phosphorus excretion in rumi-
nants.21,22 The positive correlations between serum [Pi] and
serum [Mg] and between serum [Pi] and [SUN], together
with the association between low [SUN] and hypophospha-
temia, imply that decreased feed intake is the major cause
for hypophosphatemia in cows with a DA.20

The negative correlation between serum [Pi] and AST
activity and between serum [Pi] and [TBil] in cows with
an LDA, together with the association between hypophos-
phatemia and increased AST activity, suggest that disturbed
liver function and hepatic injury also contribute to the de-
velopment of hypophosphatemia. Hepatic lipidosis is con-
sidered a possible cause of hypophosphatemia in dairy
cows,h and decreased serum [Pi] is frequently associated
with liver failure in human beings.23,24 However, it remains
unclear whether patients with liver failure are inclined to
develop hypophosphatemia or if hypophosphatemia is a
predisposing factor for liver failure.24,25 Similarly, in rumi-
nants, it is not known whether the liver is directly involved
in the regulation of phosphorus homeostasis or if serum [Pi]
decreases solely as a result of reduced feed intake in ani-
mals with hepatic dysfunction.

The negative correlation between serum [Pi] and serum
[Cl] found in patients with a DA or AV is consistent with
the sequestration of chloride in the DA26 and maintenance
of electroneutrality, because chloride and inorganic phos-
phate are 2 of the 4 most important anions in plasma. Hy-
pochloremia is a common finding in animals with decreased
renal blood flow and azotemia.22,27 Because dehydration and
prerenal azotemia frequently develop in cows with an RDA
or AV,26 we would expect exacerbation of hypochloremia

in cattle with an RDA or AV and deceased renal blood flow,
potentially providing one explanation for the stronger neg-
ative correlation between serum [Pi] and serum [Cl] in
cows with RDA/AV (r 5 20.61) than in cows with an
LDA (r 5 20.19). The correlations of serum [Pi] with
[SUN], [creatinine], [TP], [Mg], PCV, [Hb] and the degree
of dehydration, as well as the strong association of hyper-
phosphatemia with azotemia and hypochloremia, indicate
that dehydration and decreased renal blood flow are the
main driving forces for the higher serum [Pi] in animals
with an RDA or AV. The negative correlation of serum [Pi]
with blood pH and the even stronger correlation of serum
[Pi] with [Lact] and [Pyr] indicate the importance of de-
creased tissue perfusion, and the resulting lactic acidemia,
as contributing to hyperphosphatemia in cows with an AV.
Hypovolemia can be acute and severe enough to cause tis-
sue hypoxia with a breakdown of high-energy organic
phosphate compounds and can result in an increase in [Pi].h

Moreover, lactic acidemia, resulting from increased anaer-
obic glycolysis, has been shown to be associated with hy-
perphosphatemia in other species.28,29

The weak correlation between serum [Pi] and AST ac-
tivity in data set 1 could not be reproduced in data set 2,
possibly because of the smaller number of animals. This
weak correlation may be due to muscle weakness in de-
hydrated animals with an RDA or AV, which leads to a
higher risk of muscle trauma and recumbency.

The data obtained in our study are in clear contrast to
the results reported in another study. Robertson9 found in a
group of 46 cows with an LDA that 44% were hyperphos-
phatemic and that only 2% were hypophosphatemic. It must
be mentioned that Robertson defined hypophosphatemia as
serum [Pi] ,0.65 mmol/L and hyperphosphatemia as serum
[Pi] .1.6 mmol, ranges that nowadays must be considered
inappropriate for dairy cattle.14

In conclusion, our findings indicate that hypophospha-
temia occurs frequently in cows with an LDA, probably as
a result of decreased feed intake and possibly due to de-
creased hepatic function or hepatic injury. In comparison,
our findings indicate that hyperphosphatemia is the most
common phosphorus derangement in cows with an RDA or
AV and suggest that hyperphosphatemia is most likely the
result of dehydration and decreased renal blood flow. Cor-
rection of hypophosphatemia in cows with an LDA should
therefore focus on increasing feed intake, whereas correc-
tion of hyperphosphatemia in cows with an AV should fo-
cus on rehydration and increasing renal blood flow and the
glomerular filtration rate.

Footnotes

a Hitachi 704 chemistry analyzer, Roche Diagnostics, Rotkreuz, Swit-
zerland

b Ion selective electrodes, Beckman Synchron EL-ISE, Krefeld, Ger-
many

c Flame atomic absorption spectrophotometer, Phillips Scientific
PH9200, Cambridge, UK

d Automatic cell counter, Nihon Kohden MEK 6108, Rosbach, Ger-
many

e Hitachi 704 autoanalyzer, Roche Diagnostics, Rotkreuz Switzerland
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f IL system 1302 blood gas analyzer, Instrumentation Lab Inc, Lex-
ington, MA

g SAS software, Statistical Analysis Systems Institute, Cary, NC
h Staufenbiel R, Gelfert CC. Clinical significance of hypophosphatemia

in dairy cows. Proceedings XXII World Buiatrics Congress 2002,
Hanover, Germany, 8 (abstract).
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